Three dimensional quantitative structure activity relationship between diazabicyclo[4.2.0]octanes and nicotinic acetylcholine receptor (hα4β2 and hα3β4) agonists was studied using comparative molecular field analysis (CoMFA) and comparative molecular similarity indices analysis (CoMSIA). From 11 CoMFA and CoMSIA models, CoMSIA with steric and electrostatic fields gave the best predictive models (q 2 =0.926 and 0.945, r 2 ncv= 0.983 and 0.988). This study can be used to develop potent hα4β2 receptor agonists with low activity on hα3β4 subtype.
INTRODUCTION
The nicotinic acetylcholine receptors (nAChRs) are ligand-gated ion channels widely distributed in central nervous system (CNS) (Hogg & Bertrand, 2004; Cashin et al, 2007; Lape et al, 2008) . The agonists bind to nAChR receptors and result in conformational change of the receptors, which lead to channel opening for the permeation of Na ＋ ion. They mediate acetylcholine (Ach) neurotransmission and adjust the activities of neurotransmitters such as dopamine, serotonin, glutamate, and GABA (Girod et al, 2000; Kenny et al, 2000; Dehkordi et al, 2007; Grady et al, 2007) . These receptors are associated with diseases such as epilepsy, cognition disorders, Alzheimer's diseases, Parkinson's diseases, and nicotine addiction (Dougherty et al, 2003; Vincler & McIntosh, 2007; Hays et al, 2008; Kuryatov et al, 2008; Owen et al, 2008; O'Leary et al, 2008; Pons et al, 2008) . The nAChRs can be classified according to several subunits. The major subtype of nAChRs in the CNS is α4β2, whereas the α3β4 subtype is found mainly in the peripheral nervous system (Jensen et al, 2005; Gotti et al, 2006) . The α4β2 subtype has become an important therapeutic target for analgesics, while the activity at the α3β4 subtype is known to be related to the side effects on gastrointestinal and cardiovascular systems. The 3,8-diazabicyclo[4.2.0]octane compounds are very active analgesics, and some of them show nanomolar potency in the hα4β2 receptor subtype. However, they are not selective for α4β2 over α3β4 subtypes (Frost et al, 2006) .
From the quantitative structure -activity relationship (QSAR) studies, the characteristics of virtual receptor site and biological activity of unknown compounds can be predicted. Therefore, we have performed QSAR analysis to develop active compounds for α4β2 but with low potency for α3β4 subtypes, thereby which leading to potential analgesics with less side effects.
METHODS
The 44 compounds with nicotinic acetylcholine receptor agonistic activity were taken from the literature for 3D-QSAR analysis, in which 37 compounds (1∼37) were used for training set and 7 compounds (T1∼T7) were selected for test set (Frost et al, 2006) . The pEC50 (−log EC50) was calculated from the biological data (EC50) and used in 3D-QSAR analysis. The structures of training and test sets are shown in Table 1 & 2.
M olecular modeling and alignment
All calculation was carried out using SYBYL 8.0 molecular modeling software (SYBYL, 2008) . Molecular structures were sketched with sketch module in SYBYL and minimized by using TRIPOS force field with the Gasteiger Huckel charges and conjugated gradient method, and gradient convergence criteria of 0.05 kcal/mol. Simulated annealing on the energy minimized structures was performed with 50 cycles. They were heated at 2,000 K for 1,000 fs to reach the equilibrium and annealed to 200 K for 1,000 fs. The 50 conformations were then minimized to get low energy conformations for each compound.
The training set was aligned by using align database. Compound (23) which showed the most potent activity was selected as template molecule, and pyridine moiety commonly found in all compounds was used for common substructure in alignment. The superimposed structures of aligned training set is shown in Fig. 1 .
CoMFA and CoMSIA Analysis
In CoMFA analysis, steric and electrostatic fields were calculated with Lennard-Jones potential and Coulombic potential, respectively. The sp 3 carbon probe atom with ＋1.0 charge and Van der Waals radius of 1.52 A o was used to calculate the CoMFA steric and electrostatic fields. The cutoff values of the steric and electrostatic energies were 30.0 kcal/mol. In CoMSIA analysis, the probe atom with radius 1.0 A°, charge ＋1.0, hydrophobicity ＋1.0, hydrogen bond donating ＋1.0, and hydrogen bond accepting ＋1.0 were used to calculate similarity indices. An attenuation factor 0.3 was used to estimate the steric, electrostatic, hydrophobic, hydrogen bond donor, and acceptor fields in CoMSIA. The predictivity of the model was estimated by using leave one out (LOO) crossvalidation with SAMPLS, in which the highest q 2 value and the lowest standard error of prediction suggest the optimum number of components.
RESULTS
The statistical data from CoMFA and CoMSIA are shown in Table 3 . For hα4β2 subtype model, statistical results from CoMSIA (0.926) with steric and electrostatic fields gave better q 2 than from CoMFA (0.892). The cross-validated value q 2 (0.926) and the non-cross-validated coefficient values r The actual and predicted activities in the training set are described in Table 4 . The small residual values indicate that the calculated activities from CoMSIA model are correlated well with actual activity. The test set with 7 compounds was used to validate the predictivity of CoMSIA model, and they were computed and treated by the same method as in training set. The activity of test set was predicted and compared with actual activity, which is shown in Table 5 . The predicted values of test set were also correlated well with actual values.
DISCUSSION
The CoMSIA contour maps of steric and electrostatic field for hα4β2 subtype and hα3β4 subtype model are shown in Fig. 2, 3 , 4, and 5, respectively. In the steric fields, sterically favorable areas are shown in green and sterically unfavorable areas are shown in yellow. In the electrostatic fields, the positively charged groups are favorable in blue regions and the negatively charged groups are favorable in red regions. The molecule in CoMSIA contour maps was compound (23) which showed the most potent activity.
For hα4β2 subtype model in Fig. 2 , the sterically favored green regions are close to C1, C4, and R1 positions. The sterically unfavored yellow regions are spaced near the N8, R2, C5-C6 and N3 positions. For hα3β4 subtype in Fig. 4 , one green contour was found near the C5-C6 area, and two yellow contours were shown at the upper side of N8-C1-C2-C3 region and in the vicinity of R1 substitution. For hα4β2 subtype model in Fig. 3 , the positive charge favorable blue regions are close to pyridine ring and R1 positions, whereas the negative charge favorable red region is located near the N8 position. In hα3β4 subtype of Fig. 5 , the four blue contours are found around the pyridine ring, R1, C5 and C1-C2 regions. The two red contours near the C6 and at N8 positions are negative charge favorable regions.
In conclusion, therefore, small groups at C1, C4 and R1, hydrogen at C5, and negative charge atom at C6 positions in 3-N-substituted diazabicyclo[4.2.0]octanes are showen to enhance the activity for hα4β2 subtype while reducing the activity for hα3β4 subtype.
